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Some biochemical characteristics of the sand filter" and the standard plan of 
the closed circulating system were discussed in the preceding paper1 >. From that 
paper it is showed that the chemical constituents "of the aquariul:)l water indicate 
the balance between the contamination from the fish excretion and the purification 
by the sand filter, the condition of the gas exchange on the water surface and the 
aged time of the water since the fish culture has began. 
The chemical analysis were made on the sea water of the Ueno Aquarium and 
the Enoshima Aquarium and some knowledge about the chemical control of the sea" 
water was obtained as follows. 
Analytical methods· of the sea water 
Sodium: Gravimetric method by Kolthoff et a!. Sodium is precipitated as 
sodium: zinc uranyl acetate hexahydrate by adding a large volume of uranyl zinc 
acetate solution to the sample water. · 
Potassium: Gravimetric method by potassium perchlorate precipitate. 
Calcium: Volumetric method by oxalate solution. 
Chlorine: Mohr's method. 
Sulphate: Gravimetric method by barium salt. 
Ammonium-N: Colorimetric method by Nessler's reagent after distillation 
under the reduced pressure at pH 9.2. 
Nitrite-N: Colorimetric method by G.R. reagent. 
Nitrate-N :· Colorimetric method by reduced strychnine. 
Organic-N: Ammonium determination after decomposition by alkaline· 
permanganate solution. 
Phosphate-P: Deniges-Atkins method. 
Alkalinity: Titration by 1/100 N HCL solution with B.C.P. 
The lag time that the sand-filter display fully tile purification 
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The sea water of the aquarium is purified by the bioc)lemical process or activity 
of the 'biomass of the filter. So some lag time is needed this biomass to develop 
and get the enough purifing ability. on the newly constructed filter of the new 
aquarium. And this ability is shown by the nitrification or the reduction of 
ammonia or nitrite and the accumulation qf nitrate in the water. Table I shows 
the conditions of the Ueno Aquarium since the opening April 12 1952. 
Table 1 
The inorganic nitrogenous compounds in the sea water of the Ueno 








the opening ppm ppm ppm % 
40 0.38 1.80 7,9 17.5 
45 0.10 1.00 22 18.2 
52 - 0.625 26 *17.5 
66 0.10 0.240 33 18.2 
82 '0,11 0.083 69 18.5 
* The sea 'water were supplied occasionally during the first two month. 
From the table the ammonium concentration was the considerable amount at 
first, 0.38 ppm after 40 days since the opening, but reduced to 0.1 ppm after 45 
days later. Nitrite was not detected at first, increased after half a month and was 
above 1 ppm on the forty-fifth day. Then it gradually decreased to 0.25 on the 
50-60th day and to 0.008 after SO days. Nitrate-N was 7.9 ppm on the 40th day · 
and gradually increased to 69 on the 82th day. 
From these analytical results it is suggested that the full ability of the filter 
sand of the . aquarium was obtained after two month since the opening. The 
filter sand of the aquarium was the pebbles of the aqueous rock with about 0.3 em 
diameter and the smooth surface. On the newly used sand in the old aquarium 
this lag time may be about half a month, as the water or the wall of the aquarium 
contains or is covered with the same living things as in the filter. And when the 
size of the sand is smaller or in the case of the fresh water aquarium this lag time 
would be shorter and about twenty clays in the new aquarium. In this lag time 
the purificational ability is not so satisfactorily good that some harmful excretion 
or their decomposed substances are accumulated in the water. So some treatments 
on the water or the cultured fish are needed as the case may be. 
The nitrogenous compounds and the purified condition of the aquarium sea water 
The biochemical or purifing characteristics of the sand filter are the oxydation 
and the assimilation of the fisth excrets. By analysis of some nitrogenous com-
pounds in the water we can detect the balances between the contamination by the 
fish and the purification. by the filter. In the balanced condition the sea water 
of the aquarium contains those compounds shown as in Table 2. 
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Table 2 
··The analytical results of the nitrogenous compounds in 
the aquarium sea water 
sample date 
Enoshima-1 12 24 '55 
Enoshima-2 1 9 '56 
Ueno-1 12 20 ·s~ 
Ueno-2 1 12 '56 




























The Enoshima Aquarium has been opened on July 1954 and the water is 
renewed ·by half volnm every half a month. The waters for analysis were sampled 
on 12 24 '55 the next day after. the renewal of the half water and on Feb. 9 '56 the 
day before the next renewal. The water of the Ueno Aquarium was used for a 
few years and the fish in both aquarium were normal and healthy. The table shows 
that in both aquarium ammonium-N was 0.09-0.23 ppm, nitrite-N 0.006-0.116 
and nitrate-N 23-99.5 ppm. Organic-N that could not be analysed by Kjeldahl 
method because of the great amount of nitrate was 0.2-0.6 ppm. Th~ data of the 
London Aquarium by L.H. Oliver in the same table show the same phase as those of 
both aquarium. From these results the normal or standard concentration of the 










. Those blances between the fish and the filter would be often broken by the 
conditions of them, but is recovered with almost no treatment in a few days or- so 
if the system is constructed within the permission of the standard plan. 
The chemical composition and the changed ratio of the aquarium sea water 
. The sea waters sampled at the Enoshima and the Ueno Aquarium were also 
analysed chlorine, sulphate, sodium, potassium, magnesium, calcium, phosphate-P 

























0.442 1.36 0.492 
0.460 1.18 0.504 
- 1.08 0.548 











As .shown .,in Table 3 the remarkable changes are the condensation by evapolaticin, 
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increased. potassium, calcium and decreased magnesium in the major constituents. 
In the minor constituents phosphate was accumulated and alkalinity was reduced 
greatly. The changes in the major constituents indicated by chlorinity ratio are 


























































From the table 20c-30% increased chlolinity ratios are shown on potassium, calcium 
and 10 or 40% decrease on magnesium and alkalinity of the aquarium water as 
compairecl to those· of the ocean. On the case of the London Aquarium quite the 
same.tendency is shown in the table. 
The ·variation in the quantity of the aquarium sea water and their cause or 
reason are· as follows. 
Potassium: There is an increase mainly caused by the fish excretion, although 
there is a small amount of it in the fresh water used for replacing evapolation. 
Calcium: There ~s a remarkable increase caused by solving the concrete wall or 
filter-sand and the neutrisation process by lime. 
Magnesium: There is a remarkable decrease especia11y in the long aged sea water. 
This is caused by the deposition with phosphate. 
Phosphate: The aquarium sea water contains phosphate at the saturated concent-
ration in a few month or so after the opening. Then phosphate begin to deposit 
as magnesium or calcium salt. 
Nitrate: There is a remarkable increase as the result of the characteristic 
nitrification by the filter-sand. 
Alkalinity: The characteristic reduction is observed by the alkali (magnesium) 
decrease and the acid (nitrate) increase. And this accompany the increase of 
hydrogen ion concentration of the.water. 
As to the other constituents no remarkable changes are observed in the 
aquarium sea water as compaired to the ocean. The gas content were well balanced 
with the air in the Enoshima or Ueno Aquarium. As to this point concefned no 
serious condition would happen in alniost all aquai:ium of this system because of 
the relative small density of the cultured fish. But in the dense culture of the 
commercial aquarium or pond for instance 30 tons carp keeping in 125m2 pond of 
this system, this is so serious problem that should be inquired to the other papers'>. 
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In the sea w:<ter of the Ueno Aquarium the silicate of a. few mg/1 and the iron 
of bellow 0.1 mg/1 were detected. These concentrations might be expected by the 
limit of solubility in the sea water and almost the same concentrations of the 
London Aquarium's. Any other composition except organic matter. that is now 
studing seems hardly to be necessary for- the -aquarium water control. 
The neturalisation of the acidity of the aquarium sea water 
The continiued movement 9£ the aquarium water toward'3 acidity is well 
recognised and rise from the fact that the fish excrets form nitrate in the filter and 
magnesium deposits with phosphate from the excrets. So the neutraliser, lime or 
sodium bicarbonate, has been used4 >. The theoretical acidifing velocity is shown 
in Table 5 from the preceding paper.' I 
Table 5 
Acidifing velocity of the aquarium water per a ton fish 
cultured per a day 
Amount of increasing nitrate 
Amount of increasing phosphate 
(decraeasing of alkali) 
Velocity of acidification 
2. 1 equivalents 
0.5 " 
2.6 " 
From this table to neutralise the aquarium water 78 equivalents alkali should be 
added in a month if an alkaline substances dissolve from the filter-sand or the 
wall. And this corresponds to about 4.4 kg CaO, 3.1 kg MgO or 6.5 kg NaHC03• 
It is reported that about ten kg CaO was added in the London Aquarium for a ,. 
hundred tons sea water for a month. 
SUMMARY 
The changes in composition of the aquarium sea water of the sand-filtered 
closed circulating system are due to the acidification and sometimes the lime to 
neutralised the acidity. The cause of this lies in the ultimate oxydation of the 
nitrogenous compounds and the magnesium deposition with phosphate from the 
fish excrets. And from the velocity of this acidification the quantity of the 
neutralisers are calculated theoretically. 
The author express his thanks to Mr. Hisada of the Ue!w Aquarium and the 
members of the Enoshima Aquarium. 
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